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1. INTRODUCTION 
 
The City of Eureka (City) has contracted Pacific EcoRisk (PER) to conduct copper Water-Effect 
Ratio (WER) testing on Elk River Wastewater Treatment Plant (Elk River WWTP) effluent. In 
conducting this work, PER was specifically responsible for: 
• preparation of copper spiked test solutions; 
• performance of spiked toxicity tests with Mytilus galloprovincialis to determine the toxicity 

of copper in the effluent, receiving water and in lab water; 
• performance of concurrent reference toxicant testing with Mytilus galloprovincialis; and 
• analysis of the toxicity and analytical chemistry data to determine benchmark toxicity values 

(e.g., EC50 point estimates). 
 
This report describes and summarizes the performance and results of the aquatic toxicity testing 
performed in support of determining the discharger-specific copper WER for use in the 
establishment of future effluent limitations. Supporting chemical analyses were performed by 
Caltest Laboratories (Napa, CA) under subcontract to PER. Supporting analytical chemistry 
reports are attached as appendices to this report.  
 
 

2. METHODS 
 

All methods conformed to the following guidance for development of a WER: 
• Streamlined Water-Effect Ratio Procedure for Discharges of Copper, EPA 822-R-01-005 

(EPA 2001); and 
• Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 

Waters to West Coast Marine and Estuarine Organisms, EPA/600/R-95/136 (EPA 1995). 
 
Project specific guidance conformed to the following: 

• Water-Effect Ratio for Copper Study Plan for the City of Eureka, Elk River Wastewater 
Treatment Plant (Hurst 2015). 
 

2.1 Collection and Handling of the Effluent and Receiving Water Samples 
 
On September 28, October 6 and November 10, City staff collected grab samples of Elk River 
WWTP effluent and receiving water into appropriately cleaned sample containers. These 
samples were placed in insulated coolers and shipped via overnight delivery, on ice and under 
chain-of-custody, to the PER testing laboratory in Fairfield, CA (Table 1). Upon receipt at the 
testing laboratory, an aliquot of each sample was collected for analyses of initial water quality 
characteristics (Table 2), with the remainder of the sample being stored at 0-6˚C. The chain-of-
custody records for the collection and delivery of these samples are provided in Appendix A. 
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Table 1. Collection and testing of the effluent and receiving water samples. 

Event No. Sample ID Sample 
Collection Date 

Sample  
Receipt Date 

Test Initiation 
Date          

(Sample Age) 

Definitive Test 
Termination 

Date 
Range 

Finding 
Effluent 9/28/15 9/29/15 10/1/15 (74 hr) 10/3/15 

Receiving Water 9/28/15 9/29/15 10/1/15 (75 hr) 10/3/15 

Event 1 
Effluent 10/6/15 10/7/15 10/7/15 (31 hr) 10/9/15 

Receiving Water 10/6/15 10/7/15 10/7/15 (32 hr) 10/9/15 

Event 2 
Effluent 11/10/15 11/12/15 11/12/15 (54 hr) 11/14/15 

Receiving Water 11/10/15 11/12/15 11/12/15 (54 hr) 11/14/15 
 
 

Table 2. Initial water quality characteristics for the effluent, receiving water and lab water samples. 

Event No. Test Waters Temp. 
(˚C) pH D.O. 

(mg/L) 
Conductivity 

(µS/cm) 
Salinity 

(ppt) 
Total NH3 
(mg/L-N) 

Range 
Finding 

Effluent 0.5 6.56 5.7 1154 0.6 3.69 
Lab Water (30 ppt) -a 7.72 7.2 47,030 30.4 <1.0 
Receiving Water 0.1 7.68 7.3 52,600 34.2 <1.0 

Lab Water (34 ppt) -a 7.75 7.0 53,070 34.8 <1.0 

Event 1 

Effluent 1.9 7.07 7.1 1143 0.6 4.04 
Lab Water (30 ppt) -a 7.70 7.6 46,800 30.0 <1.0 
Receiving Water 6.9b 7.60 7.8 52,300 34.2 <1.0 

Lab Water (34 ppt) -a 7.83 7.1 52,700 34.3 <1.0 

Event 2 

Effluent 0.7 6.79 7.6 864 0.5 4.38 
Lab Water (30 ppt) -a 7.88 8.1 46,600 30.0 <1.0 
Receiving Water 0.4 7.84 8.6 52,500 34.0 <1.0 

Lab Water (34 ppt) -a 7.90 8.2 52,000 33.9 <1.0 
a The lab water was prepared at room temperature (~20˚C) 
b Sample was received with visible evidence of ice having been present. 
 
 
2.1.1 Lab Water 
For use as the lab water in these tests, PER staff took an aliquot of 1-μm filtered seawater 
(obtained from the U.C. Granite Canyon Marine Laboratory, Carmel, CA) and diluted it to a 
salinity of 30 ppt with Type 1 lab water (reverse-osmosis, de-ionized water). Due to the elevated 
initial salinity of the receiving water samples, a separate “full-strength” lab water at 34 ppt (i.e., 
undiluted 1-μm filtered seawater) was also prepared and tested. 
 
2.2 Preparation of the Copper Stock Solution 
 
A 1000 mg/L copper stock solution was prepared by the addition of ACS reagent grade cupric 
chloride (CuCl2•2H2O, obtained from VWR Scientific) to Type 1 water. The stock copper 
concentration was analytically verified prior to use in testing. No acids or bases were added to 
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the stock solution.  A working stock solution was subsequently prepared for spiking by diluting 
an aliquot of the verified 1000 mg/L copper stock solution with Type 1 water to a final 
concentration of 500 mg/L. 
 
2.3 Range-finding Toxicity Testing with Mytilus galloprovincialis 
 
In order to ensure that an appropriate range of copper treatment concentrations would be used in 
the subsequent definitive tests, a preliminary range-finding test was performed on effluent, 
receiving water, and lab water samples prior to the first definitive testing event. Range-finding 
test solutions were prepared by spiking aliquots of the solutions with copper (from the previously 
prepared working stock solution). Copper was spiked at concentrations of 1, 10, 11, 200, and 400 
µg/L Cu in the effluent test, and 0.5, 1, 5, 10, 50, and 100 µg/L Cu in the receiving water and lab 
water tests. Test results were used in the selection of definitive toxicity test concentrations (see 
Section 2.4.1).   
 
2.4 Definitive Toxicity Test Procedures 
 
2.4.1 Preparation of Test Solutions 
Based on the range-finding test results, definitive test copper concentrations were selected so as 
to bracket the expected EC50 values for M. galloprovincialis development (Table 3).  
 

Table 3. Definitive test spiked total copper concentrations for effluent, receiving water and lab water. 
Event No. Test Water Nominal Spiked Test Concentrations (µg/L Total Cu) 

Event 1 

Effluent 0, 57, 82, 117, 138, 162, 190, 224, 280, and 400 
Lab Water (30 ppt) 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 
Receiving Water 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 

Lab Water (34 ppt) 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 

Event 2 

Effluent 0, 57, 82, 117, 138, 162, 190, 224, 280, and 400 
Lab Water (30 ppt) 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 
Receiving Water 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 

Lab Water (34 ppt) 0, 3.6, 6.0, 9.0, 12, 15, 18, 22, 30, and 50 
 
Test solutions at these concentrations were prepared by spiking aliquots of effluent, receiving 
water, or lab water with appropriate amounts of the copper working stock solution. Test solutions 
were allowed to sit undisturbed for approximately 3 hours prior to test initiation to allow for 
copper partitioning to approach equilibrium with the test water matrix.  
 
2.4.2 Collection of Water Samples for Chemical Analyses 
Using clean techniques, samples of each test solution were collected immediately prior to test 
initiation for analysis of total copper. Samples for total copper analysis were collected into pre-
cleaned and nitric acid preserved sample bottles (supplied by the analytical laboratory). Samples 
of the effluent and receiving water were also collected for analyses of total suspended solids 
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(TSS) and dissolved organic carbon (DOC). In addition, samples of the lab waters were collected 
for total organic carbon (TOC), in addition to TSS and DOC. These samples were transported on 
ice and under chain-of-custody to Caltest Laboratory, Napa CA. 
 
2.4.3 Chronic Toxicity Testing with Mytilus galloprovincialis 
Bivalve embryos were generated from gravid adult M. galloprovincialis obtained from  
commercial suppliers (Taylor Shellfish Company, Shelton, WA and David Gutoff, San Diego, 
CA). Prior to spawning, the adult bivalves were held in seawater at a temperature of 12°C. To 
induce spawning, the adults were transferred into glass trays of seawater (filtered Granite 
Canyon seawater) at 20°C. The increase in temperature induced the bivalves to release sperm 
and eggs. When an individual was observed to begin releasing sperm or eggs, it was transferred 
to a separate container for isolation and collection of gametes. Collected gametes were examined 
microscopically to evaluate viability and quality. The gametes exhibiting the best quality were 
used to prepare freshly fertilized embryos. 
 
Prior to use in testing, the effluent salinity was raised to 30 ppt through the addition of artificial 
sea salt. Lab Water Control solutions were prepared as described in Section 2.1.1. As an 
additional QA measure, and in order to assess any potential adverse effects due to the use of the 
artificial sea salt in the effluent, a “Salt Control” consisting of Type 1 lab water (de-ionized 
water) adjusted to the test salinity of 30 ppt via addition of the same artificial sea salt was also 
prepared and tested. Water quality characteristics (pH, D.O., and salinity) were measured for 
each test solution immediately prior to use in these tests.  
 
There were four replicates at each test treatment, each replicate consisting of a 30-mL glass vial 
containing 10 mL of appropriate test solution. Additional replicates were also established to 
verify the inoculation density, and additional observation vials were established at the natural 
seawater Lab Control treatment for monitoring of successful embryo development (i.e., to allow 
monitoring of the test conditions without affecting actual test replicates). Finally, water quality 
vials (30-mL vials containing 20 mL of test solution at the same embryo density as the test vials) 
were established for each treatment in order to measure water quality characteristics at test 
termination.  
 
The test was initiated with the random inoculation of approximately 150-300 embryos into each 
vial. The test, observation, and monitoring vials were then placed into a temperature-controlled 
incubator at 18°C under a 16L:8D photoperiod. In accordance with the Streamlined Guidance 
(EPA 2001), definitive test initiation occurred within 96 hours of sample collection (Table 1). 
 
After 48 (±1) hours, the observation vials were examined to ensure that ≥90% of the surviving 
embryos achieved normal development to the “D-hinge” stage. The test was terminated upon 
confirming adequate successful embryo development. The final water quality characteristics 
were determined from the water quality, and the remaining test embryos were fixed by the 
addition of 1 mL of 5% glutaraldehyde to each replicate vial. The contents of each preserved test 
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vial were subsequently examined microscopically to determine the percentage of embryos 
exhibiting normal development.  
 
2.4.4 Reference Toxicant Testing of the Mytilus galloprovincialis  
In order to assess the sensitivity of the mussel embryos to toxic stress, a concurrent reference 
toxicant test was performed with each definitive test event. The reference toxicant tests were 
performed similarly to the effluent toxicity tests, except that test solutions consisted of Lab 
Water Control medium (30 ppt seawater) spiked with KCl at concentrations of 0.5, 1, 2, 3, and 4 
g/L. The resulting test response data were analyzed to determine key dose-response point 
estimates (e.g., EC50). All statistical analyses were made using the CETIS® statistical software 
(TidePool Scientific, McKinleyville, CA). These response endpoints were then compared to the 
typical response range established by the mean ± 2 SD of the point estimates generated by the 
reference toxicant test database. 
 
2.5 Selection of Definitive Toxicity Test Solutions for Copper Analysis 
 
Per the Streamlined Guidance (EPA 2001), the following criteria were followed to identify the 
test treatments for which test solutions would be analyzed for total recoverable copper: 
• the controls (i.e., the “0 µg/L” nominal concentration test treatments); 
• the highest concentration that did not adversely affect the test organisms (i.e., the No 

Observable Effect Concentration [NOEC]); 
• all statistically significant partial response test treatments (i.e., concentrations in which 

some, but not all, of the test organisms were adversely affected); and 
• the lowest concentration that adversely affected all of the test organisms. 

 
For the definitive test treatments selected for copper analysis, the analytical lab quantified total 
copper concentrations from test solution samples collected at test initiation.  
 
2.6 Determination of Definitive Toxicity Point Estimates 
 
Determination of a total copper EC50 point estimate and 95% confidence interval (CI) for each 
test was made following EPA guidance (EPA 1995 and 2001) and using the CETIS statistical 
software. Effect threshold point estimates were determined using the initial measured (i.e., 
analytically verified) total copper concentrations for the selected test treatments. Point estimates 
were determined by the linear regression method for the effluent, receiving water, and lab water 
tests.   
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3. RESULTS 
 

The results of the definitive determinations of copper toxicity to M. galloprovincilis in effluent, 
receiving water, and lab water are presented below in Sections 3.1 and 3.2.  
 
3.1 Toxicity of Copper in Effluent and Lab Water to Mytilus galloprovincialis: Event 1  
 
The results of the Event 1 definitive M. galloprovincialis tests in effluent, 30 ppt lab water, 
receiving water, and 34 ppt lab water are presented in Tables 4 through 7, respectively. The test 
data sheets and the results of the statistical analyses based on the nominal copper concentrations 
and total recoverable copper concentrations are presented in Appendix B and Appendix C, 
respectively.  The full analytical laboratory report containing the total copper analysis results is 
presented in Appendix D. 
 

Table 4. Chronic toxicity of copper in effluent to Mytilus galloprovincialis: Event 1. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 22.9 99.0 99.5 97.5 98.5 98.6 
57 -a 98.5 99.0 99.5 99.4 99.1 

82 -a 96.8 97.8 98.5 98.4 97.9 

117 124 99.0 99.0 99.4 97.1 98.6 
138 142 92.1 93.7 91.1 94.8 92.9 
162 163 13.1 20.1 18.2 16.7 17.2 
190 193 6.0 7.6 6.6 9.4 7.4 
224 213 3.3 2.3 4.4 4.0 3.5 
280 260 0 0 0 0 0 
400 -a 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 124  
LOEC =  142  

EC50 (95% CI) = 159 (154-164)  
a -  Test treatment not used in determination of measured Cu EC50 values. 
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Table 5. Chronic toxicity of copper in 30 ppt lab water to Mytilus galloprovincialis: Event 1. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 98.4 99.0 99.4 99.5 99.1 
3.6 2.43 99.0 98.0 100 99.5 99.1 

6.0 4.08 98.9 99.0 97.1 98.6 98.4 

9.0 7.08 97.3 96.5 95.5 97.8 96.8 
12 9.21 88.7 87.7 81.0 85.3 85.7 
15 11.6 67.9 57.3 71.7 68.9 66.5 
18 14.3 3.7 3.5 3.4 5.9 4.1 
22 17.7 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 4.08  
LOEC =  7.08  

EC50 (95% CI) = 11.7 (11.4-12.1)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
 
 

Table 6. Chronic toxicity of copper in receiving water to Mytilus galloprovincialis: Event 1. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 99.5 100 100 100 99.9 
3.6 -b 99.5 99.5 100 99.5 99.6 

6.0 -b 100 100 100 98.5 99.6 

9.0 - b 100 99.5 100 98.5 99.5 
12 10.1 98.0 99.4 97.7 99.1 98.5 
15 11.9 81.6 77.2 81.2 82.0 80.5 
18 14.6 46.4 48.0 39.6 47.1 45.3 
22 19.4 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = <10.1  
LOEC =  10.1  

EC50 (95% CI) = 14.0 (13.8-14.3)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
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Table 7. Chronic toxicity of copper in 34 ppt lab water to Mytilus galloprovincialis: Event 1. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 99.5 99.4 100 99.5 99.6 
3.6 -b 99.4 99.5 100 100 99.7 

6.0 -b 99.5 100 99.5 99.5 99.6 

9.0 6.94 100 97.8 100 98.0 99.0 
12 9.54 89.0 100 88.7 89.0 91.7 
15 11.5 56.0 59.9 51.8 65.6 58.3 
18 14.0 8.9 10.2 11.3 10.7 10.3 
22 17.2 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 9.54  
LOEC =  11.5  

EC50 (95% CI) = 11.8 (11.6-12.0)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
 
 
3.2 Toxicity of Copper in Effluent and Lab Water to Mytilus galloprovincialis: Event 2  
 
The results of the Event 2 definitive M. galloprovincialis tests in effluent, 30 ppt lab water, 
receiving water, and 34 ppt lab water are presented below in Tables 8 through 11, respectively. 
The test data sheets and the results of the statistical analyses based on the nominal copper 
concentrations and total recoverable copper concentrations are presented in Appendix E and 
Appendix F, respectively. The full analytical laboratory report containing the total copper 
analysis results is presented in Appendix G. 
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Table 8. Chronic toxicity of copper in effluent to Mytilus galloprovincialis: Event 2. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 24.3 99.0 99.0 99.5 98.6 99.0 
57 -a 98.5 99.0 98.9 98.1 98.6 

82 97.6 99.4 98.6 98.9 98.9 99.0 

117 126 95.0 96.2 96.3 95.9 95.9 
138 130 75.6 77.8 72.6 72.6 74.7 
162 148 11.8 13.5 18.9 16.6 15.2 
190 176 1.1 1.1 0 1.0 0.81 
224 199 0 0 0 0 0 
280 -a 0 0 0 0 0 
400 -a 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 97.6  
LOEC =  126  

EC50 (95% CI) = 138 (136-141)  
a - Test treatment not used in determination of measured Cu EC50 values. 
 
 

Table 9. Chronic toxicity of copper in 30 ppt lab water to Mytilus galloprovincialis: Event 2. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 98.9 99.5 98.9 98.9 99.0 
3.6 -b 100 100 98.5 99.4 99.5 

6.0 4.97 98.5 97.3 98.9 98.1 98.2 

9.0 7.42 95.1 95.5 94.6 95.2 95.1 
12 10.4 76.2 80.5 83.2 81.2 80.3 
15 12.7 25.8 39.5 29.1 28.7 30.8 
18 15.5 0 0 0.6 0 0.15 
22 19.4 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 4.97  
LOEC =  7.42  

EC50 (95% CI) = 11.8 (11.6-12.0)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
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Table 10. Chronic toxicity of copper in receiving water to Mytilus galloprovincialis: Event 2. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 98.3 98.5 99.5 99.5 99.0 
3.6 -b 100 98.6 98.9 98.9 99.1 

6.0 5.57 100 97.8 100 98.9 99.2 

9.0 7.89 96.6 93.4 95.7 95.9 95.4 
12 11.0 77.8 82.2 79.9 79.0 79.7 
15 15.3 25.9 28.8 24.0 26.1 26.2 
18 18.4 1.4 0 0 0 0.34 
22 19.6 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 5.57  
LOEC =  7.89  

EC50 (95% CI) = 13.1 (12.7-13.4)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
 
 

Table 11. Chronic toxicity of copper in 34 ppt lab water to Mytilus galloprovincialis: Event 2. 

Nominal 
Spiked Copper (µg/L) 

Measured  
Total Copper (µg/L) 

% Normal Embryo Development 

Rep 
A 

Rep 
B 

Rep 
C 

Rep 
D Mean 

0 0.75 a 99.5 98.9 99.0 99.5 99.2 
3.6 -b 100 99.5 99.6 99.5 99.6 

6.0 4.82 99.0 99.5 98.0 100 99.1 

9.0 7.67 91.1 86.1 86.8 88.2 88.0 
12 10.1 29.9 36.6 35.9 40.1 35.6 
15 13.1 0.6 0 0 0 0.14 
18 16.3 0 0 0 0 0 
22 -b 0 0 0 0 0 
30 -b 0 0 0 0 0 
50 -b 0 0 0 0 0 

Critical Values Measured Total Copper (µg/L)  
NOEC = 4.82  
LOEC =  7.67  

EC50 (95% CI) = 9.39 (9.29-9.50)  
a -  Reported as not detected; laboratory method detection limit used for statistical calculations.  
b - Test treatment not used in determination of measured Cu EC50 values. 
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4. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 
 
Testing was subject to the QA/QC procedures of the EPA test method protocol (EPA 1995), 
Streamlined Guidance (EPA 2001), and the City’s project specific work plan (2015). A QA/QC 
review is provided below. 
 
4.1 Method Protocol QA/QC Assessment 
 
The toxicity testing of the copper-spiked effluent, receiving water, and lab waters incorporated 
standard QA/QC procedures to ensure that the test results were valid, including the use of a 
negative control, positive control, test replicates, and measurement of water quality conditions 
during testing. These QA/QC procedures are consistent with methods described in EPA 
guidelines (EPA 1995). 
 
Sample Disposition – The effluent and receiving water samples were delivered on ice, stored at 
0-6˚C, and were used for definitive toxicity testing within the Streamlined Guidance specified 
96-hr holding time period. The Event 1 Receiving Water sample was received at 6.9˚C via 
overnight delivery, which is slightly above the EPA recommended sample transport temperature 
of <6.0˚C (EPA 2002). Consistent with EPA recommendations, there was clear evidence at the 
time of sample unpacking that the sample had been transported on ice and in a chilled state.  The 
slight exceedance of the recommended sample transport temperature is not believed to have 
affected the validity of the corresponding WER test result. 
 
Test Conditions – All test conditions (pH, D.O., temperature, etc.) were within acceptable limits 
for these tests. All analyses were performed according to laboratory Standard Operating 
Procedures. 
 
Negative Control (Lab Water) – The biological response in the negative Control treatments 
were within test acceptability limits of ≥90% normal development.  
 
Concentration Response Relationships – The concentration-response relationships for these 
tests were evaluated as per EPA guidelines (EPA 2000), and were determined to be acceptable.  
 
Positive Control – The results of the reference toxicant test was consistent with the typical 
response ranges established by the reference toxicant database for this species (Table 12). These 
results indicated that these test organisms were responding to toxic stress in a typical and 
consistent fashion. The test data and summary of statistical analyses for the reference toxicant 
test are presented in Appendix H and Appendix I. 
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Table 12. Reference toxicant testing: effects of KCl on Mytilus galloprovincialis. 

Test Date Test EC50  
(mg/L) 

Control Chart Mean 
EC50 (mg/L) 

Typical Response 
Range (mean ± 2SD)  

10/7/15 2.43 2.24 1.83-2.64 mg/L  
11/12/15 1.94 2.26 1.82-2.70 mg/L 

 
 
4.2 Streamlined Guidance QA/QC Assessment 
 
There were no deviations from the Streamlined Guidance (EPA 2001) or the project specific 
work plan (Humboldt 2015) in the testing performed. The following criteria were met for both 
testing events: 

• The % of organisms adversely affected was <37% in at least one treatment; 
• The % of organisms adversely affected was >63% in at least one treatment; 
• No anomalies were observed during the testing; 
• The same statistical method (i.e., linear regression) was used to calculate the EC50 

endpoint for each concurrent effluent, receiving water, and lab water test; and 
• Results of the statistical analyses were based on measured total copper. 

 
Additional Streamlined Guidance specific QA/QC assessments are presented in Sections 4.2.1-
4.2.4. 
 
4.2.1 Lab Water Assessment 
The lab water TSS, DOC, and TOC were less than 5 mg/L (Table 13) meeting the water quality 
requirements for use of lab water in WER determinations. The analytical reports containing these 
results are presented in Appendix D and Appendix G. 
 

Table 13. Summary of lab water TSS, DOC, and TOC concentrations.  
Event No. Test Water TSS (mg/L) DOC (mg/L) TOC (mg/L) 

Event 1 
Lab Water (30 ppt) <2 0.83 0.82 
Lab Water (34 ppt) <2 0.87 0.83 

Event 2 
Lab Water (30 ppt) <2 0.93 0.89 
Lab Water (34 ppt) 4 0.92 0.94 

 
 
4.2.2 Definitive Toxicity Test Temperature and Dissolved Oxygen  
The minimum, maximum, and mean temperature and dissolved oxygen concentrations for each 
test are presented in Table 14.  Daily measurement are provided in Appendix B and Appendix F. 
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4.2.3 Analytical Chemistry Results 
A detailed review of the acceptability of the analytical chemistry laboratory data was performed 
by PER. The Event 1 total copper analysis result of the 9.0 µg/L nominal copper treatment of the 
receiving water test indicated that the copper spiking was performed incorrectly for that test 
treatment. Sample reanalysis (triplicate) confirmed that the receiving water 9.0 µg/L nominal 
copper treatment was inadvertently spiked with 12.0 µg/L of copper. Accordingly, the 9.0 µg/L 
test treatment was excluded from the statistical analysis of the total copper EC50 value and the 
mean of the reanalysis total copper values was reported for the 12.0 µg/L nominal copper 
treatment.  
 

Table 14.  Summary of temperature and dissolved oxygen measurements for the definitive Mytilus 
galloprovincialis tests. 

Event 
No. Test Media Temperature (˚C) Dissolved Oxygen  

mg/L % Saturation at 20˚C 
Min Max Mean Min Max Mean Min Max Mean 

Event 
1 

Effluent 18.7 19.0 18.9 6.6 8.0 7.3 71 86 79 
Receiving Water 18.7 19.0 18.9 6.2 8.3 7.4 67 90 80 

Lab Water (30 ppt) 18.7 19.0 18.9 6.5 8.3 7.5 70 90 81 
Lab Water (34 ppt) 18.7 19.0 18.9 6.5 8.7 7.8 70 94 84 

Event 
2 

Effluent 18.3 18.8 18.6 7.0 7.9 7.6 76 85 82 
Receiving Water 18.3 18.8 18.6 6.6 7.6 7.4 71 82 80 

Lab Water (30 ppt) 18.3 18.8 18.6 6.4 7.4 7.0 69 80 75 
Lab Water (34 ppt) 18.3 18.8 18.6 6.7 7.8 7.5 72 84 81 

 
The Event 2 total copper analysis result of the 15 µg/L and 18 µg/L nominal copper treatments of 
the receiving water test indicated that the total copper values were inverted. A reanalysis was 
performed to confirm the values were reported correctly for the samples that were submitted. 
The test organism responses at these two test treatments clearly suggest that the test organisms 
were exposed to the correct test solutions, confirming that the sample containers submitted to the 
analytical lab were incorrectly labeled. The values used for the corresponding statistical analysis 
of the total copper EC50 were corrected to account for this labeling error. 
 
The initial results of the TSS analysis of the test waters yielded anomalous elevated values due 
residual salts from the saltwater matrix. A reanalysis was performed using a multiple rinse 
procedure, which, although commonly performed for saltwater matrices, was not performed as 
part of the initial analysis. Although the results of the reanalysis were performed outside of the 
hold-time for TSS analysis, it is our professional opinion that the results are acceptable. The 
result of the TSS reanalysis of the lab waters for both Events 1 and 2 were all <5 mg/L, therefore 
the lab water were determined to be acceptable for use in a WER. 
 
All other analytical chemistry data were generated without qualification; laboratory control and 
matrix spike and spike duplicate recoveries were within standard laboratory control limits.  
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4.2.4 Water-Effect Ratio Testing Review 
The Streamlined Guidance (EPA 2001) contains information on calculating, interpreting, and 
reporting results. Table 15 details how this lab report and supporting appendices address the 
requirements for reporting copper WER toxicity testing data as outlined in Streamlined Guidance 
Section G (Calculating and Interpreting the Results) and Section H (Reporting the Results). Only 
the reporting requirements related to copper WER toxicity test data are presented below.  
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Table 15. Summary of EPA’s 2001 Streamlined Guidance Sections G and H requirements and WER testing conformance. 

Requirement Streamlined 
Guidance Section  

Location in PER 
Report Notes 

Evaluate the acceptability of each toxicity test individually: Section G.1   
Reject tests where deviations from the above presented laboratory 
practices are substantial, particularly with respect to acclimation, 
randomization, temperature control, measurement of metal, and/or 
disease or disease-treatment. 

Section G.1.a Section 2 
Section 4 

There were no laboratory 
practice deviations 

warranting test rejection 

Reject tests where more than 10 percent of the organisms in the 
controls were adversely affected.  Section G.1.b Section 3 

Section 4 

There was > 90% test 
organism normal 

development in the 
control treatment of all 

tests 
To calculate an EC50: Section G.2   

Calculate the EC50 using methods described by U.S. EPA (1993) 
or ASTM (1999, 2000a). If two or more treatments affected 
between 0 and 100 percent in both tests in a side-by-side pair, use 
probit analysis to calculate results of both tests, unless the probit 
model is rejected by the goodness of fit test in one or both of the 
acute tests. If probit analysis cannot be used, either because fewer 
than two percentages are between 0 and 100 percent or because 
the model does not fit the data, use computational interpolation; do 
not use graphical interpolation. Use the same computational 
method for each of the side-by-side tests.  

Section G.2 

Section 3 
Section 4 
Statistical 

summaries presented 
in Appendices B, C, 

E, and F 

Requirement met 

For laboratory water: Section G.3   

Calculate or assign the EC50 for the lab water only if the percent 
of the organisms that were adversely affected is greater than 50 
percent in at least one treatment (although it is preferable if at least 
63 percent of the organisms were affected). That is, if there is 
insufficient toxicity at all concentrations in the laboratory water, 
the side-by-side tests are not usable for obtaining a WER>1. 

Section G.3.a 

Section 3 
Section 4 
Statistical 

summaries presented 
in Appendices B, C, 

E, and F 

Requirement met 
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Table 15. (Cont.) Summary of EPA’s 2001 Streamlined Guidance Sections G and H requirements and WER testing conformance. 

Requirement Streamlined 
Guidance Section  

Location in PER 
Report Notes 

If no treatment other than the control affected less than 50 percent 
of the test organisms, set the EC50 equal to the lowest test 
concentration (preceded by < sign). That is, if there is excessive 
toxicity at all tested concentrations (except the control), the 
laboratory water EC50 is known only to be less than the lowest 
treatment concentration.  

Section G.3.b Section 3 Not applicable 

For effluent: Section G.4   

Calculate or assign the EC50 for the effluent only if the percent of 
the organisms that were adversely affected is less than 50 percent 
in at least one treatment (although it is preferable if less than 37 
percent of organisms were affected). That is, if there is excessive 
toxicity at all tested concentrations in site water, the sample is not 
usable for obtaining a WER>1.  

Section G.4.a Section 3 Requirement met 

If no treatment affected more than 50 percent of the test 
organisms, set the EC50 equal to the highest test concentration 
(preceded by > sign). That is, if there is insufficient toxicity at all 
tested concentrations, the site water EC50 is known only to be 
greater than the highest treatment concentration. 

Section G.4.b Section 3 Not applicable 

In reporting results, highlight anything unusual or 
questionable about the test findings: Section G.5.   

Report if dissolved metal decreased by more than 50 percent from 
the beginning to the end of a 48-hour static test. Section G.5.a Section 3 Not applicable 

Report if there were inversions in the data for more than two 
concentrations in the range of 20 to 80 percent mortality (or as 
modified by Abbott’s formula).  

Section G.5.b Section 3 
Section 4 

There were no inversions 
Requirement met 
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Table 15. (Cont.) Summary of EPA’s 2001 Streamlined Guidance Sections G and H requirements and WER testing conformance. 

Requirement Streamlined 
Guidance Section  

Location in PER 
Report Notes 

Include the following general information in the report submitted 
to the appropriate regulatory agency: Section H.1   

Identity of the investigators and the laboratory. Section H.1.a Section 1 Requirement met 

Name, location, and description of the discharger.  Section H.1.b Section 1 Requirement met 

Procedures used to transport and store the samples of the upstream 
water and the effluent.  Section H.1.h Section 2 Requirement met 

Any pretreatment, such as filtration of the effluent, site water, and/or 
laboratory dilution water.  Section H.1.i Section 2 Requirement met 

Description of the laboratory dilution water, including source and 
preparation.  Section H.1.j Section 2 Requirement met 

Results of all chemical and physical measurements on upstream water, 
effluent, actual and/or simulated downstream water, and laboratory 
dilution water, including hardness, alkalinity, pH, and concentrations of 
total recoverable or dissolved metal, TSS, and DOC, as applicable.  

Section H.1.k 

Section 2 
Section 4 

Appendix D and 
G 

Hardness and alkalinity 
were not analyzed due to the 
saltwater matrix of the test 

solutions 

Description of the experimental design, test chambers, volume of 
solution in the chambers, photoperiod, and numbers of organisms and 
chambers per treatment.  

Section H.1.l Section 2 Requirement met 

Source and grade of the copper salt, and how the stock solution was 
prepared. Section H.1.m Section 2 Requirement met 

Species and source of the test organisms, age, and holding and 
acclimation procedures.  Section H.1.n Section 2 Requirement met 

The average and range of the temperature, pH, hardness, alkalinity, and 
the concentration of dissolved oxygen (mg/L) during acclimation.  Section H.1.o Not applicable Not applicable 
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Table 15. (Cont.) Summary of EPA’s 2001 Streamlined Guidance Sections G and H requirements and WER testing conformance. 

Requirement Streamlined 
Guidance Section  

Location in PER 
Report Notes 

Include the following information for each sample or toxicity test: Section H.2   

Date and time of sampling site water and date of toxicity test Section H.2.a Section 2 
Appendix A Requirement met 

Measurements of hardness, alkalinity, pH, and DOC. Section H.2.e 
Section 2 

Appendices  
D and G 

Hardness and alkalinity 
were not analyzed due to the 

saltwater matrix 
The average and range of the measured concentrations of dissolved 
oxygen (in mg/L). Section H.2.f Section 4 Requirement met 

The average and range of the test temperature.  Section H.2.g Section 4 Requirement met 
A summary table of the concentrations of copper in each treatment, 
including controls, and the number or organisms affected, in sufficient 
detail to allow independent statistical analysis of the data.  

Section H.2.h Section 3 Requirement met 

The EC50 and the method used to calculate it.  Section H.2.i 
Section 2 

Appendices  
C and F 

Requirement met 

Anything unusual about the test, any deviations from the procedures 
described above, and any other relevant information.  Section H.2.j Section 4 Refer to Section 4.2.4 

All differences, other than the dilution water and the concentrations of 
metal in the test solutions, between the side-by-side tests using 
laboratory dilution water and effluent.  

Section H.2.k Section 2 
Section 4 Requirement met 

Include the following information in a summary table: Section H.3   
EC50s and hardness for each test in effluent and laboratory-water, not 
normalized for hardness. Section H.3.a Section 3 

Section 4 
Hardness was not analyzed 
due to the saltwater matrix 

Presentation:  Section H.4   

Present the calculated site WER and site criterion. Section H.4 Not applicable Will be done in separate 
report 
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5. SUMMARY 
 
The effluent, 30 ppt lab water, receiving water, and 34 ppt lab water copper EC50 values (and 
accompanying 95% CI) are presented in Table 16. All results were calculated as described in this 
report.  
 

Table 16. Cu EC50 for effluent, receiving water, and lab water tests based on measured total copper 
concentrations. 

Event No. Test Waters Total Cu EC50 value  
(95% CI; µg/L) 

Event 1 

Effluent 159 (154-164) 
30 ppt Lab Water 11.7 (11.4-12.1) 
Receiving Water 14.0 (13.8-14.3) 
34 ppt Lab Water 11.8 (11.6-12.0) 

Event 2 

Effluent 138 (136-141) 
30 ppt Lab Water 11.8 (11.6-12.0) 
Receiving Water 13.1 (12.7-13.4) 
34 ppt Lab Water 9.39 (9.29-9.50) 
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Appendix A 
 

Chain-of-Custody Records for the Collection  
and Delivery of the Effluent and Receiving Water Samples  
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Appendix B 
 

Data Sheets and Summary of Statistical Analysis for 
Determination of Copper EC50 Values for Effluent, 

Receiving Water and Lab Waters Based on Nominal  
Copper Concentrations: Event 1 
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Appendix C 
 

Summary of Statistical Analysis for Determination  
of Copper EC50 Values for Effluent, Receiving Water and 

Lab Waters Based on Measured Total Copper 
Concentrations: Event 1  
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Appendix D 
 

Results of Total Copper and Auxiliary Analyses of Test 
Waters: Event 1 
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 Appendix E 
 

Data Sheets and Summary of Statistical Analysis for 
Determination of Copper EC50 Values for Effluent, 

Receiving Water and Lab Waters Based on Nominal  
Copper Concentrations: Event 2 
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 Appendix F 
 

Summary of Statistical Analysis for Determination  
of Copper EC50 Values for Effluent, Receiving Water and 

Lab Waters Based on Measured Total Copper 
Concentrations: Event 2  
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 Appendix G 
 

Results of Total Copper and Auxiliary Analyses of Test 
Waters: Event 2 
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 Appendix H 
 

Test Data and Summary of Statistics for the Reference 
Toxicant Evaluation of Mytilus galloprovincialis Initiated  

on October 7, 2015 
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 Appendix I 
 

Test Data and Summary of Statistics for the Reference 
Toxicant Evaluation of Mytilus galloprovincialis Initiated  

on November 12, 2015 
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